In the course of assaying interferons in primary cultures of human amnion (HA) cells, cellular morphologic changes were observed which were correlated with the activity of the interferon employed., To our knowledge, such alterations have not been previously described. Accordingly, a preliminary analysis of the phenomenon was undertaken, the results of which are presented in this communication.
In the course of assaying interferons in primary cultures of human amnion (HA) cells, cellular morphologic changes were observed which were correlated with the activity of the interferon employed., To our knowledge, such alterations have not been previously described. Accordingly, a preliminary analysis of the phenomenon was undertaken, the results of which are presented in this communication.
Methods and Materials.-Cell culture: Preparation and maintenance of human amnion (HA) and human kidney (HK) cells have been previously described.', 2 Maintenance medium consisted of 5% inactivated horse serum, 5% beef embryonic extract, 45% bovine amniotic fluid, and 45% Hanks' balanced salt solution. Rhesus monkey kidney cells were obtained from Microbiological Associates, Inc. Details of the preparation and maintenance of a continuous cell line (WS)t derived from human amnion cells have also been previously described. demonstrated had no effect. Although addition of interferon was regularly followed by spindle cell formation, similar changes were rarely observed in cultures of amnion cells without interferon, when the medium was not renewed, or in some instances when "toxic" medium was inadvertently employed. The activity of an interferon preparation to inhibit cytopathic effect (CPE) after viral challenge was shown to bear a close relationship to its metamorphogenic capacity. Thus in one experiment (Table 1) it can be seen that the dilution end- It has been noted by Isaacs that the pH of the medium nourishing interferontreated chick embryo fibroblasts was lower than that of untreated control cultures.8 Similar differences in pH were observed by us in the media of interferon-treated human amnion cells and controls.
Isaacs and his colleagues have recently summarized the similarities between interferon and various substances capable of uncoupling oxidative phosphorylation.9 Among these are Janus Green, sodium azide, and 24 dinitrophenol. When employed at concentrations suggested by Isaacs, these compounds proved toxic for HA cells. Lower concentrations compatible with cell survival, i.e., 10-' molar, 10-3 molar, and 10-5.3 molar respectively, induced no change in the normal appearance of the cells.
Discussion.-The association of the metamorphogenic effect with the viral inhibitory effect of interferon preparations and the similarity of their various physicochemical properties strongly suggests that interferon itself and not an associated factor is responsible for these cellular changes. Furthermore their extent and duration have been shown to depend on the initial concentration of interferon.
Though in our experiments the titration endpoint of morphologic change appeared to approximate that of the viral inhibitory capacity (Sindbis virus), it is possible that had other challenge viruses been employed a different relationship would have been found. The minimal morphologic changes observed after incubation of rhesus monkey kidney cell interferon with HA cells, despite a high viral inhibitory titer in HA cells (1:512), suggests that these two activities (i.e., metamorphogenic and viral inhibitory) are dissociable. The virus inhibitory activity of rhesus monkey cell interferon for cells of human origin has been previously reported by Sutton and Tyrrell.10 It must be emphasized that the results described were obtained with crude preparations of interferon. Experiments in the future with purified materials might show that the metamorphogenic factor is unrelated to interferon.
Ho has described prolonged cell survival associated with morphological alterations in cultures of human amnion cells infected with the RMC strain of poliovirus.'1 Though these changes bear a superficial similarity to those we have observed, the time of their appearance (30 or more days following inoculation of virus), their irreversibility, Ho's failure to induce similar changes with poliovirus interferon, and the association of the changes with viral infection are all differences that serve to distinguish these effects from those we have described.
Several other points appear worthy of comment.
(1) Transformation to spindle cells has been observed in HA cells infected with measles and mumps viruses." 12 The present observations raise the question whether this sort of cytopathic change, i.e., spindle cell transformation, may not in part be mediated by interferon, since it has been demonstrated that infection with these agents is followed by production of interferon in HA cultures.4 7 (2) In examination of materials suspected of containing a virus, the presence of interferon might mask viral CPE. Under such conditions the cell-transforming capacity of interferon might still be apparent. Such manifestations would obviously lead to further efforts to demonstrate the virus itself. ( 3) The suggestion has recently been made that interferon might be therapeutically employed in man. It would, therefore, seem of interest to determine whether cell metamorphosis induced by interferon or an associated factor may occur in vivo and if so to discover whether the change is accompanied by any manifestation of cellular dysfunction.
Summary.-Preparations of several different virus-free interferons induced marked morphologic changes in primary cultures of human amnion within 2-3 days. The usual polygonal configuration of the amnion cells became fibroblast-like and their regular arrangement was transformed into a pattern of interlacing whorls. The extent and duration of these effects depended on the initial concentration of interferon. The changes appeared to be reversible. In the first two editions of The Meaning of Relativity, the fundamental tensor gjj is symmetric. In later editions, gij is nonsymmetric, and in the fourth edition (1953) on page 134, it is written in the form gij = gij + gi,, 
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